The copper resistance (Cur) genes encoded on pXV1OA, a 190-kb plasmid in Xanthomonas campestris pv. vesicatoria XV10, were isolated on a 44-kb cosmid clone designated pCuRl. TnS mutagenesis of pCuRl indicated that a 4.0-kb region was required for copper resistance. Three restriction fragments located within the 4.0-kb region demonstrated high specificity for the Cur genes present in X. campestris pv. vesicatoria and will be useful in monitoring the presence of these genes in the environment.
Copper-resistant (Cur) strains of Xanthomonas campestris pv. vesicatoria, the causal agent of bacterial spot on tomato and pepper, have been isolated in Florida (16, 21) , Mexico (1), Oklahoma (5) , and California (8) . However, the relatedness of Cur genes which occur in some of these strains is largely unknown. In combination with the selection pressure caused by the heavy use of copper sprays, the occurrence of Cur genes on conjugative plasmids has undoubtedly caused an increase in the number of copper-resistant bacteria in the environment. For example, Cur strains of X. campestris pv. vesicatoria isolated in Florida contained a heterogeneous group of conjugative Cur plasmids designated pXvCu (21) . In Oklahoma, Cur genes in many strains of X. campestris pv. vesicatoria reside on pXV1OA, a 190-kb transmissible plasmid which shares some nucleotide sequence homology with the Florida pXvCu plasmids (5) . A host-range study indicated that pXVIOA can be transferred into several other X. campestris pathovars, but transfer into other phytopathogenic genera was not detected (5) .
In the present study, our objectives were twofold: (i) to characterize and localize the Cur genes on pXV1OA by DNA cloning and transposon mutagenesis, and (ii) to develop nucleic acid probes specific for the Cur genes present on pXV1OA and pXvCu plasmids. In-future studies, nucleic acid probes will be used to monitor the presence of Cur genes in the environment and to determine the effects of copper bactericides on the incidence and evolution of Cur genes.
Bacterial strains, plasmids, and media. The bacterial strains and plasmids used in the present study are shown in Tables 1 and 2 , respectively. X. campestris pv; vesicatoria was cultivated on either nutrient agar (NA) (19) (3) E. quercina (1) E. rhapontici (1) Escherichia coli (3) Pseudomonas aeruginosa (3) P. andropogonis (1) P. cepacia (2) P. cichorii (2) P. corrugata (1) P. fluorescens (1) P. putida (1) P. syringae pv.: atropurpurea (1) glycinea (1) maculicola (1) mori (1) morsprunorum (2) phaseolicola (1) pisi (1) savastanoi (1) syringae (1) tabaci (1) tomato (3) P. viridiflava (6) Xanthomonas campestris pv.: campestris (1) dieffenbachiae (1) glycines (1) malvacearum (1) manihotis (1) nigromaculans (1) pelargonii (1) phaseoli (1) translucens (1) pruni (4) vesicatoria Cus strains (8) vesicatoria Cur strains (15) K-84 C58, NT1r Cloning copper resistance genes from pXVIOA. The copper resistance plasmid pXV1OA was isolated from XV16.1 by a preparative isolation procedure which has been described previously (5) . Preparative methods for extracting plasmid DNA from E. coli were used as described by Maniatis et al. (15) . All preparative plasmid DNA isolations were subjected to at least one purification on CsCl-ethidium bromide gradients. Rapid, small-scale plasmid DNA isolations from E. coli were performed by boiling method 2 as described by Crouse et al. (10) . Small amounts of plasmid DNA were isolated from X. campestris pv. vesicatoria by the method of Crosa and Falkow (9), with slight modifications (3). Agarose gel electrophoresis, DNA restriction digests, Southern transfers, and colony lifts were done by standard procedures (15) . All hybridizations were conducted under conditions of high A. stringency as described previously (5) . Methods for labeling specific DNA fragments with 32p (6, 12) and for constructing cosmid DNA libraries in pLAFR3 (4, 22) Two insertions in the right side of fragment 7 reduced the MIC to 0.6 mM. An insertion located adjacent to the BgIII site in fragment 7 had no effect on resistance (MIC, 1.4 mM). Insertions in the 3.8-kb BgIII, 1.9-kb BglII-HindIII, and 4.1-kb BglII fragments (Fig. 1A, fragments 5, 6 , and 8, respectively) slightly reduced the MIC of CUSO4. Insertions in fragments 2, 3, 9, and 10 did not affect the level of copper resistance conferred by pCuRl. These MIC evaluations for the various insertions were repeated three times with similar results.
Colony hybridizations with selected DNA fragments. Our results indicated that a 4.0-kb region extending from the central HindIlI site into fragment 7 was absolutely required for copper resistance. Consequently, restriction fragments from this region were examined for their usefulness as DNA probes for the detection of the pXV1OA Cur genes. A 6.4-kb BglII fragment (Fig. 1A , fragments 6 and 7) containing the region essential for copper resistance was subcloned into the BamHI site of pRK415; the clone which resulted was designated pCuR2 (Fig. 1B) .
pCuR2 was further mapped with BamHI to identify fragments within the 4.0-kb Cur region which could be used as Cu-specific hybridization probes. The restriction map which resulted (Fig. 1B) revealed three restriction fragments internal to the 4.0-kb region: a 2.2-kb HindIII-BamHI fragment and 0.8-and 1.0-kb BamHI fragments. These three fragments were subcloned in pUC119 and designated pCuR2.A (2.2-kb HindIII-BamHI fragment), pCuR2.B (0.8-kb BamHI fragment), and pCuR2.C (1.0-kb BamHI fragment). The inserts in these three subclones were labeled with 32P and used as probes in colony hybridizations with all of the bacteria listed in Table 1 except E. coli. All three probes hybridized strongly to Cur strains of X. campestris pv. vesicatoria from Florida and Oklahoma. Figure 2 shows the results obtained when the 1.0-kb BamHI fragment in pCuR2.C was hybridized to Cur and Cus X. campestris pv. vesicatoria strains; identical results were obtained with the 32P-labeled insert fragments cloned in pCuR2.A and pCuR2.B (data not shown). When plasmid DNA was isolated from these Cur strains and separated by agarose gel electrophoresis, the three probes hybridized to a large indigenous plasmid in each strain. Figure 3 shows the results A B (17, 18) . Homology to the cop operon has been found in chromosomal DNA of both CUr and Cus Pseudomonas spp., suggesting that the cop operon evolved from chromosomal genes (8) . Consequently, the lack of homology between the three DNA probes constructed in the present study and genomic DNA isolated from Cus X. campestris pv. vesicatoria strains may indicate that the resistance genes encoded on pXvCu and pXV1OA were introduced into this pathogen instead of evolving from endogenous genes. Although P. syringae pv. tomato and X. campestris pv. vesicatoria occur together on tomatoes grown in similar environments, there is no DNA homology between the cop operon and the CUr genes which occur on pXV1OA and pXvCu (4, 5) .
To our knowledge, no other DNA probes have been constructed for detecting specific CUr genes. Cooksey et al. (8) 
